A total of 40 fecal and environmental isolates, including 26 Escherichia coli strains, 9 members of the genus Klebsiella, and 5 members of the genus Enterobacter, were tested by enzyme assay for their endogenous and induced levels of lysine decarboxylase and ornithine decarboxylase when grown in Moeller decarboxylase medium. All of the coliforms examined had measurable lysine decarboxylase and ornithine decarboxylase activities whether or not they were positive in the Moeller test. In general, the Moeller lysine decarboxylase test reflected the inducibility of lysine decarboxylase whereas the Moeller ornithine decarboxylase test did not reflect the inducibility of ornithine decarboxylase. Neither test measured the amount of intracellular enzyme; rather, they indicated whether the amount of polyamine liberated was sufficient to raise the pH of the culture medium above 7. Changing the growth conditions (i.e., the concentrations of glucose, lysine, and amino acids other than lysine) greatly influenced the lysine decarboxylase activity in coliforms. The limitations on the interpretation of the Moeller test results are discussed.
As a consequence of the description of Gale of amino acid decarboxylases in Bacterium (Escherichia coli) in 1940 (6) and the development by Moeller of a qualitative, colorimetric test for their assay in 1955 (8) , the presence of lysine decarboxylase (LDC) and ornithine decarboxylase (ODC) has been used for the differentiation of genera and species within the family Enterobacteriaceae (1) (2) (3) (4) .
The colorimetric tests depend on the ability of organisms to decarboxylate lysine and ornithine to cadaverine (1,5-diaminopentane) and putrescine (1,4-diaminobutane) , respectively, and to excrete these substances into the culture medium (12). The putrescine and cadaverine then bind hydrogen ions, raising the pH of the medium. If the pH of the medium is raised sufficiently, the indicator dye in the medium changes color, and the organism is read as either LDC or ODC positive depending on the amino acid decarboxylase being tested.
The ability of cadaverine or putrescine to raise the pH of the culture medium is dependent on the amount of the substance liberated and the amounts of acid by-products produced by the catabolism of the small amount of glucose in Moeller medium. However, in this paper we report that the amount of cadaverine and putrescine released into Moeller medium may not reflect the level of LDC and ODC activity in the cells themselves. In addition, we report that LDC synthesis in coliforms is a complex process which can be affected by lysine, amino acids other than lysine, and glucose. These findings place further restrictions on interpreting the Moeller LDC test (MLDC).
MATERIALS AND METHODS
Bacteria. A total of 40 environmental isolates from marine and fresh surface waters and fecal samples were used. Of these, 26 were classified as Escherichia coli, 9 as members of the genus Klebsiella, and 5 as members of the genus Enterobacter by standard biochemical tests. These included the oxidase test, lactose fermentation, the presence of urease, MLDC, Moeller ODC test (MODC), arginine dihydrolase test, H2S and indole production, citrate utilization, and the methyl red and Voges-Proskauer reactions. In some instances where identification was difficult by the above scheme various sugar fermentations were performed. The identification of strains 74-4 and NY-106 was difficult until the results of the enzyme assays were included. Since these organisms were coliforms that were MODC negative but motile, there was some doubt about whether to identify them as Enterobacter species and, specifically, as Enterobacter agglomerans. Unlike E. agglomerans, however, both isolates were arginine dihydrolase positive. Clearly though, when the enzyme assays were considered, the strains could readily be assigned to Enterobacter cloacae.
The laboratory strain E. coli B was used routinely throughout the study as a reference organism.
MLDC and MODC. The Moeller decarboxylase tests are indirect methods for assessing LDC and ODC activity.
Moeller decarboxylase medium (10.5 g of Moeller decarboxylase base [Difco Laboratories, Detroit, Mich.] per liter of distilled water), either containing or lacking 1% lysine or ornithine, was distributed in 5-ml quantities into screw-cap tubes (13 by 125 mm). For each isolate, one lysine-containing tube, one ornithinecontaining tube, and one unsupplemented Moeller medium tube were inoculated by loop from a fresh nutrient agar slant. The media were then overlaid with mineral oil, incubated at 370C for 96 h, and examined daily for a color change.
Enzyme assays. Volumes (40 ml) of both supplemented and unsupplemented Moeller decarboxylase medium were dispensed into milk dilution bottles (140 mm high by 45 mm square). The media were then inoculated with 0.4 ml from 10-ml, stationary-phase cultures (approximately 109 cells per ml) that had been grown overnight in unsupplemented Moeller decarboxylase medium with vigorous shaking in a New Brunswick model G 76 gyratory water bath shaker. The inoculated media were then overlaid with mineral oil and incubated at 37°C for 48 h. For experiments on the effect of glucose on enzyme activity, cultures from supplemented and unsupplemented Moeller decarboxylase medium lacking glucose also were prepared.
The mineral oil was removed from the surface of the milk dilution cultures by vacuum, after which the cells were removed by centrifugation for 15 min at 40C in a Sorvall RC2B refrigerated centrifuge. The supernatant was discarded, and the pellet was suspended in 5 ml of a buffer containing 50 mM tris(hydroxymethyl)aminomethane-hydrochloride (pH 7.6), 1 . The media were dispensed, inoculated, and incubated as described above except that the inocula were obtained from cells grown in defined medium. Cell-free extracts of these cultures were prepared as described above.
D medium supplemented with amino acids. Davis minimal broth without dextrose was supplemented with 1.5% succinate, 5 ative coliforms. After incubation in Moeller decarboxylase medium supplemented with 1% lysine for 48 h at 37°C, the cultures were read as MLDC positive or negative. Crude extracts were prepared, the protein concentration of each extract was determined, and the extracts were assayed for LDC activity (Table 1) .
In general, the MLDC-positive E. coli and Klebsiella isolates had 30-to 100-fold higher endogenous levels of LDC activity than did MLDC-negative strains. The addition of lysine caused a 10-to 20-fold increase in enzyme activity of the MLDC-positive strains but did nothing to the MLDC-negative strains. All strains isolated from human fecal samples except F-17 were MLDC positive and showed an increase in LDC activity when additional lysine was pro- A number of E. coli and Klebsiella strains with high endogenous and induced levels of LDC activity were grown in the presence and absence of added lysine for 48 h. The cells then were transferred to lysine-containing Moeller decarboxylase media in the presence or absence of chloramphenicol. Chloramphenicol inhibits protein synthesis, and, hence, it inhibited the induction of LDC during a second 48-h incubation period. Therefore, a positive MLDC during the second incubation period from an inoculum which was grown on unsupplemented Moeller medium would indicate that the endogenous level of activity was responsible for the MLDC reaction. All of the MLDC-positive E. coli strains except NY-44 that were grown in the absence of lysine for the first 48 h were negative when grown in decarboxylase medium supplemented with both chloramphenicol and lysine ( Table 2 ). The controls functioned properly: (i) ED-1 was consistently negative; (ii) those MLDC-positive E. coli strains that were grown in the lysine-supplemented medium during the first 48 h were also positive in the medium containing both chloramphenicol and lysine; and (iii) the MLDC-positive E. coli strains grown without added lysine for the first 48 h and then placed in medium with lysine and no chloramphenicol for the second 48 h were all MLDC positive. At present, we have no explanation for the atypical behavior of E. coli strain NY-44.
MLDC-positive Klebsiella species were also tested with chloramphenicol as described above. When grown in the absence of lysine during the first 48 h, they were negative. However, when these same cells were put into lysine-supplemented medium containing chloramphenicol for a second 48 h, all strains except K-96 liberated enough cadaverine to score them as MLDC positive (Table 2) forms but was not induced by lysine, did not score positive when placed into the medium containing lysine and chloramphenicol even after 4 days of incubation.
LDC levels of two E. coli strains grown in D medium. It is possible that the high endogenous LDC levels observed in some E. coli and Klebsiella strains are caused by a partial induction of LDC by the small amount of free lysine present in Moeller medium. In an attempt to resolve this question, we determined the levels of LDC in two strains of E. coli grown in D media (see Materials and Methods).
In D medium without amino acids E. coli strain 74-1 (MLDC negative) reacted as in Moeller decarboxylase medium (low LDC endogenous activity and no LDC induction; Table  3 ). However, addition of amino acids to D medium in concentrations present in Moeller decarboxylase medium induced LDC activity in E. coli strain 74-1 ( Table 3) .
The high LDC endogenous activity seen in Moeller decarboxylase medium with the MLDCpositive E. coli 74-17 was obtained in the chemically defined medium only after it was supplemented with both glucose and lysine in the estimated concentrations present in Moeller medium (D + ML + MG in Table 3 Table  4 ). Four additional E. coli and Klebsiella strains (SURI-2, F-17, SURI-5, and SURI-17) also showed increased endogenous LDC activity (threefold or more) when grown in glucose-free Moeller decarboxylase medium (Table 4 ). This glucose effect was not seen in the two Enterobacter strains tested.
Two strains (74-2 and 74-17) remained inducible in the absence of glucose (M -G versus M -G + L), whereas three strains (SURI-2, SURI-5, and NY-95) were not induced when the glucose was removed; however, two of these three strains (SURI-2 and SURI-5) had extremely high endogenous LDC activities in the absence of glucose. Although not usual, LDC Table 5 .
In general, the endogenous levels of ODC in both MODC-positive and -negative strains were A second and more practical conclusion that can be drawn from this study is that the MODC, unlike the MLDC, is not completely reliable for the identification and classification of Enterobacter species. Thus, the two Enterobacter strains that had the highest levels of induced activity were negative by the ODC. Since the MODC is a heavily weighted test for the identification of the classical Enterobacter species (13), one would be hard pressed to assign these two isolates to the genus Enterobacter according to existing schemes, although in recent years such citrate-positive, urease-negative, motile, MODC-and MLDC-negative coliforms have generally been assigned to the species E. agglomerans (5). However, if induced ODC activity rather than a positive MODC were used as a criterion, these two strains would clearly have been assigned to E. cloacae. This may also be true of other isolates classified as E. agglomerans. On the other hand, the inability of these biotypes to excrete sufficient putrescine to produce a positive MODC may be important enough ecologically to warrant their isolation as separate species. More information is needed on the generality of this observation, the basis for the defect, and the ecological consequences thereof, if any. The third conclusion that can be drawn from these data is that the MLDC, in general, reflects the ability of a coliform to synthesize large amounts of LDC when grown in Moeller decarboxylase medium containing 1% lysine (Table   1) .
However, there is a difference between MLDC-positive Klebsiella and E. coli with high endogenous LDC levels. The basis for this conclusion is the observation from the chloramphenicol experiments that high levels of endogenous LDC activity in Klebsiella but not E. coli elicit a positive Moeller decarboxylase test ( Table 2 ). Moreover, it should be stressed that a coliform scored as MLDC-negative in Moeller decarboxylase medium does not reflect an inability to produce large amounts of LDC under all growth conditions. For example, E. coli strain 74-1 (MLDC negative), when grown in Davis minimal medium supplemented with a mixture of amino acids, exhibits as much as 50-fold more LDC activity than E. coli strain 74-17 (MLDC positive) grown under the same conditions (Table 3).
The findings to date have provided some insights into the conditions under which cadaverine production results in a positive MLDC. However, no explanation is available at this time as to why, depending on the strain being studied, glucose either repressed, stimulated, or did not affect LDC synthesis (Table 4) .
Clearly, regulation of LDC synthesis in coliforms is a complex process which can be affected by lysine (Table 1) , amino acids other than lysine (Table 3) , and glucose (Table 4) . However, whether one or more operons regulate LDC synthesis in coliforms is still open to question.
